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ABSTRACT

This report documents the activities of the Photographic

Technology Division, and particulsrly the Photo Science

Office, the Precision Proceséing Laborstory, and the Motion
Picture Laboratory, in connection with the séientific photo-
graphy of the Apollo 16 manned space mission. It describes
thé p;eflight actifities involved in egtéblishing a standard
process for each of the flight films;.the manner in which ‘
flight films were handled apon arrivel ab the Mamned Space-
craft Cénter in Houéton; Texas, aﬁd how the flight‘films were

processed and duplicated. The "tone reproduction" method of

‘duplication is described. The specific sensitometric and

chemical process controls are not included in this report,

but are available on request.
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SECTION T

INTRODUGTION

This repbrt documents the activities of thé Photographic

‘Technology Division (PTD), which includes the Photo Science

Office ‘(PSO), Precision Processing Laboratory (PPL), Motion

Picture Laboratory (MPL), Still Lsboratory (SL), and Quality

Control (QC), in connection with the scientific photography

of the Apollo 16 manned space mission.

Tn order to obtain a maximum amount of accurate infor-
mation from the imagery produced, photography‘ of optimum
quality is essential. A large number of variablés affect
the quality of this imagery. The more variables thst can be
identified and controlled, the more reliable will be the
resulting information. Thg purpose of this report is to
identify and describe the method of dealihgrwitk-z so:ﬁe of
the variables encountered in film selection and calibra-
tion, pi'ocess control, and duplication and tone reproduct-

jon, as related to the Apollo 16 mission.
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SECTION II

PREPARATTONS FOR FLIGHT FIIM CONTROL

A. Chronolog&

The following is a timetable of the major eventé in the

handling of Apollo 16 films; many of these events are detailed

in this report.

DATE

26 January 1972

15 March 1972

28 March 1972

2 April 1972

3 April 1§72

5 April 1972
9 April 1972

10 to 11 April 1972

15 April 1972
16 April 1972

16 to 27 April 1g72

EVENT

NASA-contracted aireraft to Eastman
Kodak for pickup of Apcllo Mission
Film (except 80-168, TOmm)

SO 168 (70mm)} picked up at Eastman

Kodgk

NIB~3 for the S5-201 Experiment hand-
carried to PID for -sensitometry and
returned to NRL for electronographlc
exposare callbratlon

Film spocled and premission
sensitometry applied to CM and IM
flight film, latent image control
samples, and backup film

Application of sensitometry on SIM
Bay flight film.

Flight film delivered to KSC
NTB-3 delivered to KSC from NRL

Magazines loadéd at K3C, and cameras
tested by exposing to resolution/color

charts

Magazines loaded on spacecraft
Liftoff

Cameras used for Apollo 16 photo- .
graphy; film exposed to space radia-
tion environment.,



/13

TR 72-3

27 April 1972

- 29 Aprils 1972

29 to 30 April 1972

18 May to 29 April 1972

.5 June to 30 April 1972

Splashdown

Films. received at LRL, accounted for,
and sent to PID.

Magazines inspected, condition

documented, and film downlcaded.

Postmission sensitometry applied to
flight film and latent imsge control
samples. —_—

Processing of flight film:

1. Processing of PTD éensitometric ‘
contrel film to certify processor
control.

2. Processing of flight film, FID
sensitometric control film,
latent image test control sample,
resclution target friskets,

3. Visual inspection of flight film
photographs.

Master and tone reproduction dupli-

cation of flight films involving
densitometric analysis. Permanent
storage in vault at FID,
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B. DESCRIPTION OF MISSION FIIMS

The following is a description of the physical and photo-
graphig characteristics of the film used on the Apollo 16 mission.

Type 2485 Film (Magazines HH, MM - 16mm; WW, XX, YY, 2%, W, X

Y - 35mm; 835, TT - 70mm):

This is an extremely high speed panchrqmaﬂic film with extended
red sensitivity. It is recommended for a wide variety of photo-

recording applications where very low exposure levels must be

recorded. This f£ilm was used during the dim-light photographic

- experiments of Apollo 16. The emulsion is coated on a 4.0 mil

Estar basé and incorporates an antihalafion undercoating and PX
backing. Proceésing of the 16mm, 35mﬁ,'ahd 7Omm Film was
accomplished in thé Hi-Speed Motion Pictufe Prbceséor using

Kodak D-19 chemistry under the confrol limiﬁs specified in.Section

IT, Paragraph D. Magazines WW and YY were not used.

Type 3400 Film (Metrie Camera_Cassette, 5;in§h): '
Panatomic-X ferial Film is an intermediabe spéed; thin-base, high-
altitude reconnaissance film. It is'fully banchromatic with extended |
red sensitivity, and is coated dn’a 2.5 mil Estar base with a
pelloid impregnated, dyed, antihalation gel backing. This film was
used for orbital photography of the lunar surface,_and fér tcpograph—
ic photography of candidate exploration sitesrfor fufﬁre Apoilo
missions. Processing of the 5-inch filﬁ.was accomplished in the

Fultron Processor in MX-819-1 chemistry at 85°F. The resultant data

was compared to predetermined contrdl limits as specified in

Section IT, Paragraph D.



9/73

TR 72-3

Type 3401 Film (Stellar Camera Cassette, 35mm; Magazines G, H,

I, J, K, L, M, W - 70mm):

Plus-X’Aerial Film is a panchrbﬁaticrnégative camera, fiLmlwith high
cont%ast,.medium speed"high acﬁtancé, fine grain, and extended red
sensitivity. It is coated on a 2. 5 mil Estar base with dyed gel
backing. On the Apollo 16 missicn, thls emulsion was used for

stellar mapping, topdgraphic;land geological survey photography.

Type 341h Film (Panéramic Camera Cassette, 5-inch):

This film is a siow gpeed, high contrast, fine grain panchro-
matic emulsion with extended red sensitivity. The emulsion is

cdated on a 2.5 mil Estar base which has a dyed gel backing. Its

resolution capability is 630 l/mm at 1000: 1 target contrast and

250 1/mm at 1.6:1 target contrast. Its use during the mission was
for candidate site exploration, transearth lunar photography,
visibility at high sun angle experiments, and Command Seryice

Module (CSM) §rbital science phptdgraphy,experiments. Processing of
the 5-inch film was acéoméliéhed in the Fultron processor in fo819~l

chemistry at 85°F. The film process control limits are specified in -

;;;Séé%iéd#;I;Paragraph D, and in Attachment 1, "Special Processing of

Apollo 16 Pan Camera Film".

‘Type S0-16k Film (Magazine IT - 16mm):

Panatomic-X Recording Film is an intermediste speed, high contrast
film with extended red sensitivity. It is coated on a 2.5 mil Estar

base with a pelloid impregnated, dyed, antihalation backing. This film

- Was used Primarily for mass spectrometer boom photography. Processing

was accomplished in the Houston Processor in D-19 chemistry.

. | \
> ‘:
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Type 80-168 Film (Magazines JJ, LL - 16mm; 4, B, C, D, E,

F - 70mm: VV - 35mm):
—; : . . .
This color reversal film is high speed (ASA = 160 with normal

processing) Kodak Ektachrome FF emulsion. The high speed and
long exposure range make this £ilm guitable for lunar surface

exposures: wvhere harsh 1ighting conditions produce dimly 1it shad-

ows and extremely bright hlghllghts Magatines JJ and VV were

used to photograph Skylab £o0d and meal prepa.ratlon, Magazn_ne L

. was not used. OF the TOmm magazmes, Magazme C was approxmately

1 stop overexposed. No process:.ng correctlon was a.ttempted for this
magsazine sihce the exposure con_chtlon was not known until after the.-
film was proceééed The emulsion of .082 mil is coated on a 2.5 mil
Estar base having an antlhala,tlon undercoa:tlng and PX backlng Pro-
cessmg for. the 35mm and '?Omm was accompllshed on the Houston Processc:
in ME-4 chemlstry (developer temperature at 98°F.) at 10.5 feet per
minute. Processmg for the 16mm film was done on the RAM Processor

in ME-4 chemistry (developer rtempera.ture 98°F) at €0 feet per

minute. The pr__ocessing control limits are specif:’_.ed in Section II,
Paragraph D. This film was used for ciocumer;tation'and pﬁblic )

information photography.

Type §0-368 Film (Magazines AA, BB, CC, DD, EE, FF, GG, KK,

N, 0, P, Q, R, §, T, U - 16mm: NN, PP, GQ, BRR, V - 70mm):

This reversgal color photographic material was used on Apollo 16 for

'exterior photography. It has an ASA of 6k with normal processing.

The film is ccated on a 2.5 mil Estar base having an antihalation
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undercoaﬁing and a PX backing. This film was processed in the

- Motion Picture Laboratory Hi- Speed Processor Wlth ME-2A chemlstry

at 75.59F. to the combrol limits speC1f1ed in Section II,
Paragraph D. This film was used for‘documentation and public

information photography. Magazines DD, KK, and U were not used.

Type ITal Film (Maga21ne 00 - TOmm)

Thls SPectroscoplc film is recommended for use in the ultraV1olet :

for wavelengths shorter than 220mm. It is a panchromatic emuilsion

coated on a 4.0 mil triacetate base. On the Apollo 16 mission, this

film was used for obtaining UV photograpby of the earth and moon
for use in the study of planetary=atmospheres and fur the investi-

gation_bf short wavelength radiation from the lunar surface. Pro;

- cessing was accomplished in ﬁhg Hi-Speed Processor in D-76 chemistry.

Type NTB-3 Film (Erulsion thickness - 6« ; 35mm width unperfor-

* ated):

This nuclear track emuléion is used for recording Alpha particles,
protons, deuterons, mesons, and fissionrfragments. It will record
electron tracks with ensrgies less than SO_Kev. The Apollo 16

6e¢ thick emuléion was coated on a 2.5 mil Estar base with

nominal lethick gel overcoat. It was used on the lunar surface
for obtéining photogréphic imagery and spectroscopic data on celestial

objecte in the far ultraviclet region in order to detect and map

“the location of interplanetary, interstellar, and intergalactic

hydrogen.
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C. SENSITOMETRIC EXPOSURES

An Eastman I-B Intensity Scale Sensitometer was used in the

—_— . ‘ '
- PED to simulate light incident upon or reflected from the surfaces

of the earth and moon. To addomplish'this,Simulation, the entire
sensitometric system is calibrated in terms of absolute units for
each situation. The components that muét'be-considered are the

source, light filtration, opfical path 1ength,land shutter

- mechanism. Each of these factors affects the SPectrai

characteristics and quantity of radiant energy striking the

photographic emulsion.

Photometric and spectroradicmetric measSurements are made to .

determine the desired operating color temperature of the

i1lluminant, Spéctrdphotometric analysis is applied to qli of

the qpticél components to determine the effect of each on the

~system's spectral energy distribution. All data is derived in

terms of radiometric units (ergs/cm?) and then used to calculate
the eqﬁivalent photometric units, where applicabie, in terms of

meter-candle-seconds.

With a knowledge of the exposure conditions planned for the

mission photography, a test plan was developed by PTD phofo-

scientists to simulate these conditions. Table I in the Appendix
lists the sensitometric exposure conditions for both process control

strips énd flight film documentation.
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With the'lamp burning at a color temperature of 285(°K, a
Cornlng C-5900 glass filter, ground to a thlckness of 4.15 mm,

plus d Pittsburg 20#3 filter, is used to simulate incident

sunlight at 5500°K. A C-5900 filter, with a thickness of

3.63 mm is used to simulate reflected iight at 4750°K.

D. CONTROL ESTABLISHMENT PROCEDURES
Since a photographlc 1mage ig the result of the interaction

of two major varlables, exposure and processing, it was necessary

-to determine the control parameters for handllng the orlglnal Tilm,

To accompllsh this objective, conferences between the various users
of Apollo 16 photography and the PTD Photo Science Office were

conducted prior to the mission.

To esfablish Hflight £ilm conﬁrol" conditions,_each processing
machine* was brdﬁghﬁ to an "in control™ standard condition as
determiﬁed by mechanicgl, chemical and sensitometric tests bjr
the Photo Science Officae. Samples of each mission film type,
exposed a3 listed in Table 1, were processed until the results
specified in the test plan were achieved. A standard control
curve was then generated for each film type by making ten identi-

cally exposed sensitometric strips,-aging them for one hour to

*¥Black and white films were processed in Kodak Versamat Model
11C-M and Fultron Processors; color materials were processed in '
the Houston and Ram Processors inccrporating ME-U4 chemistry, and.
the Hi-Speed Processor using ME-2A chemistry. .
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permit the latent image to stabilize, then processing them in a

single group according to the previously determined conditions.
o ' '

4

The ten strips were read on one of the PID densitometers,
and the resultant readings were averaged to yield the final process

control curve. (Section F describes the manner in which these

densities were used to generate the control curve.) The resultant

curves from each cf the mission fllm.sen51tometry were then used
as the aim curves to establish control before the mission film

was processed.

The additiocnal phdtographic'requirements placed on Apollo 16

'in the SIM Bay (Pancramic, Metric and Stellar cameras) and the

UV equipment areas, dictated the need for establlshlng svec1al

teehnlques in the handllng and proce331ng of the films involved.

The use of a Fultron, continuous spray/immersion type,
Processcor was employed to handle the long lengths of film used
in the Panoramic and Metric camera systems. The operationsl N

procedures employed wherever applicable for this mission were

those described in the NASA Document MSC-05826 Proceduras for

Processing Scientific Instrumentation Bay (SIMBay) Films, April

1972. All processor readiness tests were conducted under actual

?

~ mission handling, proce531ng and operation procedures. During the °

16
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course of these tests, in which over 200 OOO feet of Film were

_ processed, sen51tometr1c, chemical, mechanical and personnel readi-

f

ness were proven to be within the control specifications. Procedures

were defined by the Photo Sclence and Precision Laboratory.
s ; | : ,
The tolerances placed on the process control curves for the Pan-

oramic and Metric Camera Films were as follows:

Optical Bar Camera ' Metric Camera

Film Type 341k . Film Type 3400
Density =~ t .05 t o5
Fog A t .oh

During the actual mission processing operation, exacting

sensitometric control was maintained within the above limits.

Three,proﬁlem areas were encountered during the actual mission
and.pdStflight film handling-séquenées. In the first instance,
telemetry data from the Panoramic Camera indicated that the
majority of the imagery would be from 1L to 2 stopé over-

exposed due to a malfunction in the system's Automatic Exposure

Control. Based on First Revolution telemetry data estimates, the

overexposed portion of the imagery amounted to about 2/3 of the
total imagery. The remaining imagery was estimated to be

"normally" exposed.

‘11
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As a result, PID's Photo Science Office conducted a study

to determine the feasibility of modifying the preestablished
'

* process {Control Curve PCD-D) to meet the following objectives::

1. Retain the toe speed for the "normally" exposed near-
terminator photography.
2, Retain an "acceptable" density range for the overexposed

imagery.

The test program (See attached Technical Note, "Special
Processing of Apollo 16 Pan Camera Film") concluded that the ob-
jectivesrcould be met. After e;aluation of the test results by
members of the NASA Photo Team and representatlves from PTD/PSO
the: follOW1ng procedures were followed in processing the Pan
camera filmy

1. Two éuts were made from the TEI photographic portion
of the flight roll. One was-3lo feet long; the other was
200 feet long. |

2. Postmission sensitometry was applied to a three-foot
section of unexposed film from the head end of the roll (Figure 1).

3. The 310-foot section, along with the three-foot sensitometry
section, wés then proéessed accofding to the modified process control

curve (Figure 2).

The processed imagery was densitometrically evaluated with a
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MacBethlmacrodenSitometer, ubilizing a 2mm ape;ture;'and the
densi}ies were related to the sensiftomefric dats obtained with thér
im;géry. Figu}e 2 displays these resuits.

‘The plot depicts the density range representing the average
of densities (Dmax and Dmin) for seven frames chosen at random. -
(Table 2 représents the actual densities as read from each

frame of photbgraphy.)'

By direction of the NASA Photo Team, the midscene value for

-the Pan Camera Automatic Exposure Control System was once again

‘chosen to be at a Log E value of 1.50.  Considering Point C, on

Figure 2, as the central portiocn of the average density range on

‘the modified process control curvé, it can be seen that the -

difference in Log E units between the proposed and modified ﬁid-
scene values is.now .3% wnits. Therefore, thé.imagery resulting
from the modified process is approxhnafely one stop overexposed.

In addition to the retention of an acceptable &ensity range
in the overexposed flight imagery, the Log Exposure range yet
availaﬁle is in the order of 0.60 to 0.90 Log E units before the
curve shoulders and maximum density is achieved, This Log E
range extension is depicted in Figure 2 by Curve A which représenté

the extension of Curve B from a density of 2.0.
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Based on the above data and other data resulting from the test
program, the decision was made to process the remaining portion

Lo ! .
of the Pan Camera Flight Film to the modified control curve.

The second problem was with the exposure of the lunar surface

. imagery on Film Type 3401.. Due to the sun angle being higher than

expected, the preestablished process for the flight f1Im had tE‘be

modified to reduce fhe Maximum densi£y and-extend the density range
of the imagery. A test was.conducted in the Fultron Processor with
MX-819 éhemistry utilizing sensitometric exposures and simulated |

lunar surface imagefy exposed on 3401 film. The results of the

test indicated that the objectives could be met with an increase

~in toe speed which would benefit the imagery within the lesser

inluminated lunar surface subject areas. Figure 3 represents the
modified process. control curve for the lunar surface black and

vwhite photography.

During the procéssing pfeinspection of the Metric and Stellar
Camera films the third major problem was discovered. A large

quantity of metallic chips and shavings were found scattered

_throughout the surface areas of these flight films.

Due to the degrading potential that these chips would have on

the emulsion and base if they adhered to the rollers as the film

j;h o . \
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was being transported through the Fultron (Figure L) and_Hi-Speed

 processors, a mechanical cleaning deviee was designed to remove

the chips before the filmé were fed into their respective processors.
(Figures 5 & 6 depict this technique as applied on the Fultron
Processor. 'A'similar technique was afélied fo-the Steilar film -
beforerentry intp the Hi-Speed processor.) Upon postprocessing
inspection dflthe Stellar and Metric camera films and examination

of the pressure and drive rollers on the Fultron Processor, it was

'éoncluded that the mechanical cleaning technique did, in fact,

remove the chips and shawings from the films. The inspections
fuarther revealed that these chips did not adﬁersely degrade the
flight imagery.

During the preflight investigations conducted to determine the
optimum process and film handling techniques for the ITa0,

2L85 and 3401 (Stellar) Apolle 15 flight films, it was determined

that the Hi-Speed Motion Picture film proceséor should be used for

processing these Films. Again.for Apollo 16 the need arose to

employ the Hi-Speed processor for the ITa0 film (Experiment S$-177),

the 3L0L Stellar Camera film, film from the dim-light and

Geghenschein experiments (Type 2485), and the $-201, UV Spectro-

scopic Camera experiment which utilized Film Type NTB-3.

The Photo Science Office provided basic assistance for the

15 ' \s
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Spectroscopic UV Camera (s-201) experiment, in estabiishing
handl%ng procedures, processing control, reproduction technlques
and the creation of colored density Segments by use of Agfacontour
Film for the NTB-3 £ilm.
: N |
. The characteristics of the NTB-3 film are such that extreme .

care hed té.bé taken in thé pre- and yostmission handling of

the flight film. Due %o the emulsion being extremsly pressure |
sensitive, flight film processing siﬁulﬁtions Were-conducﬁed to
déterﬁine if any dééradation to the émulsion would occur as the |
Tilm was transported through the processor. Since the;znitiél
flight film certification tests dictated that the Fultron prbé
.gessor be uéed as the ‘optimum processing configuration for_NTB-3
flight film, the simulation was conducted on fhis-machihe. |

Contact between the emulsion and the pﬁocessor tré%spcrt

rbllers resulted in abrasion.maiks over the enﬁire iehgth of the
_émulsion. This effect dictatedla'change in the proposed processor
and processing configuration for the flight'film. A secondéry.
-processing‘simulation'was run utilizing the'Hi—Speed Motion Pictﬁre
Processor which does not have contact between the emulsion snd

the transport rollers. The'}esults from this simulation dictated
the use of this processor for proéessing fhe flight film. Figuré 7
‘represents the final process control curve for the Apollo 16 NIB-3

flight fllm

16
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Special procedures were foilOWed dufing the postmission
handlin of the NTB-3 flight film to determine the effects of
tﬁé‘expected proton radiation fogging on the film during the
course of the mission. Upon downloading the film from the "Pilm
Transport Box", a'piece of film, one inch in 1engtﬁ, was cut,
procasséd, and denéitomefficallyleﬁaluated. 'Since the base-
plus-fog density of 0.13 (showing a radiation,contribution of .06
density units) did not exceed ﬁhé limiting value of .18 densiﬁy
units; it was decided to retain the preestablished processing

technique for the fiight film.

Consultations with the priﬁcipal investigators provided
assistance for many of their special photographié requifemEnts.
For examéle,:gtgmi§$i§ﬁ::fog level tests were conducted using the
accelerator at Rice Uni&ersity. These tests enabled verification
bf mathematically‘brediéted density levels, for basé—plus—fog,

under various doses of proton radiation.

In addition to the fog tests, special care'hasrbeen given
to the density separations which will be assembled to color code
the gas concentrations surrounding the earth and various star

clusters,

Figure 8 represents a result of the Agfacontour density

slicing technique. To enhance the various tones rendered in the

17
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original image, four separations were made at different density
levels The image was then reconstructed using a prechosen

spectral band for each of these density levels.

The red, green, and yellow colors represent three brightness

levels of the Geocorona, while the blue color represents space.

Althougﬁ different black and white chémistries and proceésof
sPeéds were used to process each of the aforementioned film’types,
this processing system produced the de31red results, with llttle
measurable variability, regardless of developer act1v1ty, agitation

rate or interaction of those two varisbles.

For all of the films “involved in Apollo 16, control limits
were established for gamma, density and speed (for color
emulsion ¥ .04 Log E units for the yellow, magenta, and cyan

layers).

E. CHEMESTRY ANATYSIS PROCEDURES

During the establishment of proceésiné control, a chemical
analysis program was carried out by Quality Cpntrol-technicians.
This program monitored chemical paiameters which, when ﬁithin
specific tolerances, 31gn1f1ed the processing solutlons as "in
control”. Chemistry checks included hydrogen ion content (pH)

and specific gravity (8¢). 1In addition, developers were tested

for total reducing power (TRP) and bromide content (KBr), This

18 -
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information is available in the FPhoto Science Office of the Photo-.

graphi? Technology Division.

[y

F. DENSITOMETRY

Several transmission type densitometers are utilized within

the PID for process control and analysis. A program of daily

quality control assures that these instruments produce readings

which agree with each other and with the calibrations of a

Master NBS calibrated step tsblet within D = ¥ 0.02 in density

‘range of O to 3.5, whi@h more than covers the useful density

range of these original materials.

19
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SECTION IIT

FIIM HANDLING PROCEDURES

The flight films were plrchased from one to four months before

the mission, certified and then refrigerated in the PTD until
one week before lifteff. During that week, the majority of the
film was thawed and spooled, sensitometric control strips were

exposed on the end of each roll of flight and backup film.

Premission handling of the NTB-3 flight film involved prb-

cedural changes to the '"normai" PTD plan.

After the premission sensitometry had been 'applied to two
rolls of the flight film, the Principal Investigator loaded the

prime and backup film transpoft boxes.

Upon completion of the pre'flight sensitometry and film
loading procedures, the film transport méch'an_isxns were returned

to the Naval Research Laboratories where Electronographic and

_Spéctr’ographic calibrations were, made on“ the fiim. These

calibrations are required for analysis of the mission imagery.

Figure 9 depicts the NTB-3 Flight Film make-up.

For the NIB-3 and the other flight films, sensitometric

exposures were made on control samples of -the same emulsion

20
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batches. These samples (classified'as "Houston Co’ntrois") were
kept in:the PID in sealed film cans at room temperature, which
approximated the conditions encountered by thé flight film within

L . ’ ..
the spgcecraft. By comparing the D-lLog E.curves produced by these
exposures with thgs.e. produced bjr identical exposu'res. made on the
Houston Controls agd on flight films just prior to proéessing the
effect of latent image deca& and the effects of the space environ-
ment on the flight film can be determined. |

This is exemplified by the following:

Background Density

Film Type Format Control Flight Film - AD
2485-107-2  TOmm ° .20 . .58 .38
2h85-107-2 35mm | .20 55 .35
3k401-378-6 7omn¥ - .09 .19 S0

3401-378-6 Tomm .15 .25 .10
3#61~278—11/1 35mm 10 ' 27 .07
ITa0-129771 TOmm 16 | .30 ' 1k
NTB-B—Q88~O3—OI 35mm .06 14 .08
o023 sm. 26 30 .o
341%4-16-5 5 in, .21 .21 e
80-168-9-1 7omm  R-3.14  R-2.95 R-.18

~ G-3.10 G-2.92 G-.18

- B-3.20 B-5.00 B-.20

S0-368-18-32 T0mm R-2.50 - R-2.78 R-.12
: : G-3.25 G-3.05 G-.20
- B-3.76 B-3.50 - B-.26

¥Film Type 3GOL (BCD-X) for Mag UU processed in Kodak B & W Versan
mat MX-64l chemistry: all other 340l mags were processed in the
Fultron Processor using MX-819 chemistry.
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The variations in dénsity, when compared to a series of Cobalty,
radiat;on tests condgcted by PID, indicated the film was exposed to
150.8 rad radiation doéageﬂ The variations within the deltas for the
Same fiim types are attributed to the Vaiious storage locations

within the spacecraft and the differences in shielding.

The films located in the SIM Bay showed little effect due to

fhe environment. For Film Type 341k the pre~ andf??ﬁfﬁ??ﬁ?f"f“—“%"
tometry showed no.rise in fog level due to environmental con-
ditions. However, Fiim Types 3%01 (Stellar camera film) and
3&00‘did display an increase of .07 and .C4 density units; fé-
spectively. This inc¢rease wes attfiﬁuted to radiation fogging.

The limiﬁed increase in fog did not adversely affect the resultant

imagery and data analysis.

Resciution friskets were exposed onto most of the sensitometric
strips (Master frisket Number 70505). Table 3 in the
Appendix 1ists the resolution values of the target used and gives

the modulation of each of the five rows.

After splashdown, the film.magazines (inecluding the SIM Bay

camera magazines) were sent to Ellington Air Force Base. From

Ellington, the film magazines were sent to the Lunar Receiving

Laboratory (LRL). The magazines were delivered in Halliburtoen
containers to PID where they were downloaded and prepafed for

processing.

22



27/73

TR 723 -

SECTION IV

FLIGHT FIIM PROCESSING

Before the flight film was processed, chemical control was

" established to match the preflight control standards. Control

strips were processed, read, averaged, and plotted according to

the preestablished procedures. Based on the criteris established

by the Photo Science Office, if the control densities were not

within the tolerance limits, éppropriaté chaﬁges were made in pro-

cessing speed, processing temperature, or chemistry, and the pro-
cedure was repeated until certification was accomplished. While
these procedures were in process, sensitometric exposures were

made on the flight film and on the latent image test control

samples which had remained in the PTD during the flight.

With the processors "in control", a final mechenical
certification was performed. Apollo simulated imagery wés_
processed to check for scratches'and_ﬁ@bfgéggéé_density non-

uniformities in all of the processing equipment.

Chemical checké were made on the machines, e.g., specific
gravity and pH measurements were made on the developer solutions.
If PS80 recommended any changes, the correétive action was follow-
ed by additional control samples for verifigation of the action

taken.
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_Once the processbf was ready_fo process the fllght fllm 1t was_,,

spliced to a machine leader. A low-level infrared viewer alded
thé'tééhnicians in pfeinspectibn and splicing. Latent image

tests, reséiution friskets, and_control sensitometry were processed
at the samertime. Figures 10 and 11 illustrate the sequence of

elements composing the film roll on the processors.

In general, the film handling procedures were similar for all

flight films. However, for the SIM Bay Systems, representatives

from the NASA Photo Team, ASPO, and PID met to decide whether the

. Film would be processed in sections or as a continuous roll.

(Refer to Section II-D for procedures used.)

Special handling and processing requirements requested by the
Principal Investigator,: were placed on the Type 2&85 film. -The
2485 flight fllm was divided imbo three format sizes, i.e. 16mm,

TOmm, end 35mm. After processing, each-group was revieﬁed by the

Principalllnvestigator to assess the adequacy of star fields,

imagery,.and sensitometry.
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- SECTION V -

APOLLO 16 PHOTOGRAPHIC TONE SCALE REFRODUCTION

The procedure of tone repr?duction controi was applied to the
'eleven rolls of 70mn black and white negative originals and to the
individual parts of the Metric Camera and fan Caméré Flight Films.r
The densities in the processed original film represent a photographie
megsurement of the luminances existing in thé'scené'at the time
of exposure. Prom this negative, a second generatipn‘print, or
master positive, ié made using the film typé, printing exposure,
and processing condition best suited to accurate correspondence

between master positive densities and original scene luminances.

Because the final use of the master poéitive Will depend on
whether a de31rable visual appearance is needed or an actual
Physical density measurement is to be- made, the selectlon of the
printing and processing conditions must be coﬁtfolled by the final‘
requirement. -The choiceof printing levels is made on the basis of
maximum and minimum densities of representatlve frames in the

orlglnal processged negatlve

- The general aimpoint in printing the master positives is to
render the negative Dmax to a positive print density of 0.40.
If the positive density resulting from the exposure through the

negative Dmin is too high, another print is made which is balanced
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for optimum rendition of that part of the negative information.

{

Tables 4 and YA list the average minimum densities, positive

density produced in printing'from the negativé'Dmax,~and the

. process gammas for each roll/cut Ofﬁﬁfiéqmimagery.
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SECTION VI

FLIGHT FIIM DUPLICATICHN

As soon as the processing of ali of.the ¢criginal film on
hand had been completed, "qﬁick look" positive duplicates were
made. Theze wererrEVieWed'and frames.selectéd for geneyal news
release. Negatives, intérnegatives, and/or transparencies of

these frames were made from masters, and released to the news

'media directly or through prints made in the Still Laboratory.

When the urgent requirements of the news media had been”

satisfied, the task of providing scientific information was

‘begun. Masters, tone reproduction masters, and direct‘negativés

were produced as directed by the controlling distribution

documents. To identify the various generations of black and

white duplicates, the following terminology is used in the PTD.

Origingl - the film exposed in the camera. This is
normally a "negative", in which the tonal values of the
original scene are reversed. This is the "first gen-.

ergtion”.

2nd Generation Positive - a "master positive" made directly

from the original negative by continuous printing. The

tonal orientation corresponds to that of the original scene.

- o7
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2nd Generatlon Tone Reproductlon - a special "master" made

under close sensitometric control of.exposure and pro-

s éessing to permit the derivation of photometric

information from this generation.

3rd Generation Negative - a "dupllcate negative” prlnted ,

from the 2nd generatlon p081t1ve or 2nd generation tone
reproduction master with the intent of duplicating the

original negative,

4th Generation Positive - g duﬁlicate'produced for view-
ing rather than photametric purposes. This is printed

from a third generation, or duplicate negative, derived .

- from the master positive.

2nd Generation Negatlve - a2 direct negatlve made from

the original negatlve by using a blue sen31t1ve direct
reversal materlal of hlgh acutance. This material is in;
tended for one-step duplication of aerial_reconnaissance
negatives of high definition. The results achieved through
the use of this materisal represent the best method of original
duplication, where subsequent repfoductions will be made

and where retention of image detail and écuity are important
factors. This method of reproduction is highly recommended

by PID,
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For duplicating Apollo 16 black and white negatbives, Kodak

types 2420, 2430, and 2422 films were used. The parameters which

" governed the making of tone reproduction masters and negatives,

end sn analysis of the tone reproduction'system of duplication,

are contained in Section V.

A1l original and duplicate color materials are processed

by the reversal method, which produces a "positive" reproduction

in each generation. The terminology employed for black and

white duplication is followed in color duplication.

Color Original - the color film exposed in the camera. This
is a positive image, the "first generation”.

~

Color Master - a duplicate positive made directly from the

color original by continuous contact p'inting. This is the
"second generation"”.

Color Release Positive - a third (or'higher) generation dup-

licate.

No tone—reéroduction dﬁplicates ﬁere made from color originals,
No technique is presently available which provides adéquéte
sensitometric control of the reversal cplbr precess to the extent
that sensitometrically controlled color duplicates are of con-

sistently acceptable color balance and tonal reproduction.
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All color duplicates are visually timed (density and color
corrected) to the film from which they are printed to produce the

best overall cclor quallty

Black and white original negatives were frame-numbered§

masters were exposed on Kodak Film Types 2420 and 2430 on a

. Niagara continuous printer, then processed in a FTultron

processor witﬁlMX~6kl developer,

Masters were made from the original Type S0-168 film color

transparencies by the MPL in order that frame numbers might be

applied to the edge of the fllm by double printing on a Bell
and Howell 70mm Model hel motlon picture contlnuous prlnter

(Wo problem was encountered in this operatlon on blaCﬁ and white
film since unexposed areas, such as the filmredge, have a low
density and identifying numbérs can berappliéd with opaqﬁé-ink.

Reveréal'color film, on the other hand, is opague when

unexposed., )

Once édge numbers had been applied, additional generstiors
were printed on the B & H Model "C" in the MPL. Duplicates from
Film Types 50-168 and $0-368 original were all made on Kodak

Ektachrome Type 5389 Reversal Print Film.
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SECTION VII

CONCLUSION

Due to the cooperation of experimentérs and the combined
effbrts of NASA'and'TechniCOIOr Graphic Services, Incorporatéd,
the Apollo 16 photographic reqﬁirements were handled with a
minimum of difficulty. A product of opt imum quality was

expeditiously delivered to investigators and news services.

Sensitometric ihformation generated for‘the Apollo-16
mission, is on file in the Photo Science Office of the Photo;
graphic Technology Division. Since this specialized Iinformation
nay noﬁ be of value or interest to many of the readers of this
report, 1t is being made availéble Qn é requést basis., .Reéuests
msy be directed to the Photo Science Office‘of the Photographic

Technology Division (JL), National Aeronautics and Space

Administration, Manned Spacecraft Center, Houston, Texas, 77058.
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APOLIO lé;SENSITOMETRIC EXPOSURE AND PROCESSING CONDITIONS

_ PCD  DESIGNATTON FIIM EMULSTON SIZE  PROCESSOR CHEMISTRY  FILTRATION® . - EXPOSURE
NUMBER | , ' ‘ . L ___TIME
A B 3400 251, ©5dn. o Fulbtron . ME-e19 . 470K +We 12 . 1/50
B HBW 3401 378-11/1 35mm Hi-Speed D-19 5500k '-“ B 1/50
C HBW 3401 378-6 - 70mm . Versamat MX-641 5500 K 1/50
D I M 16 54n,  Fultron  M-819 4750°K 1/25
E VHBW 21,85 107-2 © 70omm  Hi-Speed D-19 o 5500 K + SCW + 1.0 ND  1/100 |
F vHEW | - 2485 107-2 I5mm  Hi-Speed ,l D-19 5500°K + SCW + 1.0 ND 1/100
G - VHBW : 2485  107-02G . 16mm Hi-speéd - D-19 5500°K + SCW + 1.0 ND 1/100
H BW1éL, S0-164, QléOl ‘ B 16mm | Houston 7 D-19 - ‘ 55OOOK 7 : 1/25
I. w o TTa0* ‘i2977i 7dmm : Hi-speed ‘D76 | 3000°K (3750 i) : 1/25
J UVLS NTB-3 . 088-03-01 35mm Hi~Speed © D-19  5500°K | 1/10
K3 | HBW 3401 378-6 | 7Cmm Versamat MX-641 5500°K ' o 1/50
L CEX - 50-368 1832 70mm - Hi-Speed ME-24  5500°K 1/50
u CEX 80368 16-31- 1émm  Hi-~Speed ME-24 5500°K 1/50
N HCEX 50-168  009-1 . 70m  Houston ME-, 5500°K : 1/100
0 CIN 50-168 0091 35mm  Houston ME-, . 550c°K - 1/100
P CIN 50168 oop-m lomm _ RAM R, 5500°K _ 1/100

* TInconel Wedge to be used,
*¥* Bpecial Control (2.0 gamma) Magazine UU
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DIFFERENT SCALES

1 ' FLIGHT | 4 5 =~
TMAGERY ,

" FIGURE 1

30" e—200L_y 320y

1. " Used for postmission seﬁsitométty for test process.

.2, Fastman Kodak Diagonal Splice.

3. Diagonal Splice after camera leader,
L. TEI section held for secondary testing, if found necessary,
5

» . TEI section used for primary test with Section 1 attached.

Special Handling: AS<16 Pan Camera Film

TAIL



FLICHT FIIM

PREFARED BY

‘DATE 12 May 72" coNTROL # PostSensi. Pan  yask _ AS-16
FILM ok EMULSION # 165 MFG EXPIRATION DATE .
EXPOSURE DATA PROCESSING DATA DENSITOMETRY
SENSITOMETER I-B PROCE S50R Fultron INSTRUMENT _MacBeth SPEED ( |
ILLUMINANT 2850 _ “x{cHemisTRY __ MX-819 {Tyee __ID217DR | p_max 2.27
rime__= & 1/25 sec. | SPEED rancs 25 conl APERTURE SIZE_2 vl GAMMA 1;‘-’5
FILTER L750 TEMP 7 F 80-5 1 iue FILTER Visual . |gase, Foo
v . 3 s 7 ® no 3 15 17 19 21
-~ CHEMICAL o IO T T T T LTI, T I 4 o
ANALYSIS : f= g ; i i R S S e S S
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. - . - ——t—— - — T — — — —1 3.0
KB, 3.0 3
21 2.8 = § E— " S e s = _db:; .8
. ja0 = — = — = et
N LA 2.6 — = == 2.6
" (18 ==
17 2.4 E =
16 =
1 h_—:h:_ —
: 2.2 = e ——
4 s =
1 j S 1 =+
S ; = A
o 2 2.0 :
e
Rl AL :
oy io 1.8 e g = -
| = = E
D) 1.8 = —F= 8
X =
g [ n——=e=c==c =
5 + ——
2 = = + Mid-scene Value : H- imanna—— I
1 1.0 — = A = Averr:__m-ge. =0
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.3 - "l’ — _,!_.__ - *
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ATR.LE.- O == Y
A= R.70 _yo OO T T T I T T T e T T b o
- ' = ) & 9 1.2 1.5 1.8 2.1 2.4 2.7 3.0
771-2f 700 ),




Modified

‘DATE May 72 CONTROL # G TASK PREPARED BY
wr e (70mm) - -
2401 378-6 .
FiLM EMULSION # MFG EXPIRATION DATE
. EXPOSURE DATA PROCESSING DATA DENSITOME TRY
SENSITOMETER ]_:‘B PROCESSOR Fultron #1 INSTRUMENT MacBeth SPEED | Vo
ILLUMINANT 2850 g CHEMISTRY MX-219 TYPE ID LO3DD  lo-max
; T750 ~ 8.25 .. 2
TIME sec. f SPEED Tanws 2=t rem| APERTURE SIZE_ < um GCAMMA
FILTER 5500 Temp ¢ __ 801 1ye FILTER _ Visual BASE + FOG __
: 1 a. s 7 9 "m0 s 17 19 21
- CHEMICAL 4.0 090182000001 TR IRSR0DESRRBROTHEAANIEUN1INA10ENINNSA LAORIOVIATARANNISOANROINIRLIATIOUTVANNA N L AROSLERETSN0R0 IERORIRONRASTRNNIIILRLNTIAAE 4.0
ANALYSIS * = - === R e e e e e B
Torn 38 E == — = a8
—n— 36 =+ SEa— = = 3.6
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1% — =
15 —
2.2 —F—
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Dh
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=t 10 ‘-a - -
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o —
B~ H
R K 1.4 E :
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2 F—= A
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1 )
“ Ina— y [ ] -‘
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ABSOLUTE g == ——4 _ "
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DENSTTOMETRIC ANALYSIS ;
Test Cut Apollo 16 Pan Camera 3414 Flight Film
{last 320 feet)
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FRAME Dmin Dmax
5660 49 1.9,
57 1.94
.60 2.08
.18 2.05
5648 .72 1.96
76 2.06
.59 2,03
5633 67 1,98
.83 . 2,05
.87 1.99
: Y
5616 .73 2.%3 ‘
.83 2,01
77 2.01
5610 59 1.99
W37 1.78 -
.65 2.07
17 2,13
: Al 1,94
5605 .94 2,00
. .68 2,07
.63 1.99
5600 .86 2,06 -
080 1.92
.80 2.05
TABLE 2




-y

A R ey e et

T Maw mbd2 Plad

TABLE 3 RESOLUTION FRISKET VALUES

]G/E 1/mm | G/E [1l/mm | G/E [Ll/mm | G/E | 1/MM Target | M
4-1 | 16 5-1 322 {61 [ed |71 | 128 |1 .95
2 ] 1e 2 36 2 | 72 2 | 144 | | 2 .90

3 | 20 3 | 40 3 e | 3 |ie ] s .76
4 | 23 4 | 15 a_| 90 4 1 | |4 | .43
5 | 25 5 s1 | s 102 s | 203 | 5 .26
6 | 28 6 57 6 1114 | 6 1 208 .
. S
g-1 | 256

Lines per millimeter (l/mm) for each
Group/Element (G/E) combination.

- Modulation (M) of
target masters for each
: row

-,
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APOLIO 16 TONE REPRODUCTION DATA

L Roll :, “Positive Density
Magazine Film Type/FEmulsion Average Density Returned from Process
' Dmax "~ Dmin Negative Dmax - Gamma
L 3401-378-6 1.50 | .96 40 1.0
1 34,01-378-6 .67 T3 40 1.0
G 3401-378-6 1.72 .55 40 1.0
H 3401-378-6 1;60 79 A0 1.0
J 3401-378-6 1,99 1.15 40 1.0
K 3401-378-6 1.90 112 40 1,0
00 | ITa0-129771 1.34 9 40 1.0
i 3401-378-6 .88 .19 40 1.0
T 24,85-107 — e . 1.0
58 2485-107 1.95 .88 40 1.0
M 3401-378-6 1.90 1.16 .40 1.0
Metric 34,00-254 1;95 .88 .40 1.08
_ TABLE 4



TR 72-3 W4/73

TABLE ha

APOLIO 16 PANORAMIC CAMERA TONE REPRODUCTION DATA

%

Original Positive Density e

Cut . Average Density Returned from Negative Process
Imax Dmin Dmeasxt Gamma

1 1.90 .34 Lo 1.io
) 2,0k 1.05 ho 1,50
3 1.95 1.29 Lo 2,00
i 1.98 . 1.26 Lo 2.00
5 1.82 1.18 Who 2,00
6 1.77 sl Lo 1.30
T* © 1,70 TR RiTy] 1.00
1.70 RO “ho 1.70

8 1.68 o 4o 1.00
* 1.76 1.01 Lo 1.00

7 1.76 1.01 RITy 1.70
10% 1.67 1.4 Lo 1.00
: 1.67 1.4 Qo 2,00
11% 1.95 .58 RT3 1.75
o 1.95 .58 Lo 1,00
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TABLE LA continued
APOLLO 16 PANORAMIC CAMERA TONE REPRODUCTION DATA
| Original - ~ Positiye ﬁensity —
Cut Average Density ‘Returned from Negative Procéss
Dmax Dmin Dmex ' Gamma
12 2.01" 1.4 - | | _ Lo | | 2.bo
13 1.95 - | SRR T R - 2.00
14 1.95 1.26 -, - - ho L x e;oo
15 1.86 1.30 . - | 40 S 2.00
& 16 1.62 .66 o o - 1.30
17 1.91 .5 . ko o 1.00
18 2.08 o - -‘,ho A 100
. _ | :

¥ To extend the density raﬁge oflsome'frames within each cut, the cut was reprinted and processed

to a higher gemma,
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Heads | Heads Flight NRL, Flight Tails
o s Sensitometry
L rocesy ' FElect hi
i e FProcesg | Houston Post Pre ronograpnic Imagery Process é\,,éc’
o
Control{ Control o Calibrations ' Control &
R -

.
A

Figure 9 Make-Up NTB-3 Flight Film
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STELILAR CAMERA

Figure 10
. of SIM Bay Films

 Preplanned Postflight Preparation
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5 > r— 4===Tm:==¢
Heads Heads Tails Tailg: ,
< Process Houston Flight Imagery Houston |Pracess | &
4 . : : X 2
v@'a' Control Control |Sensitometry Control |Control df’
=3 A F————q70’ —— 37— l
PAN CAMERA
PR | Houston . —_— &
o8 Process | Imagery Process Y
& Control | oML ) &
ontrao Post Flite Sens. Control
& Li5—pl¢ 3t ik, 15021 ————t
METRIC CAMERA
Heads Tails é' ‘
' Houston Imager w2
0_504 Process gery Process P d
f Control Control Post Flite Sens. _ Control &
M I "
»{""'j"lE‘——}Ali———d' ——plfme——— 5321 ——p
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) Heads —_—
Apollo 2apollo 16
pollo 16 Flight Film Houston P
Control Leader Leader Control &
et _ Control _ g
&@? Sensi Post Pre Sensi F
& 70mm Film
Fi .
¥ Heads
Apollo 16 Leader - i - Leader Apollo 16 ‘
| contrel if Flight Film - if Control »°
pe* . 2y
&% Sensi Necessary Necessary Sensi
16mm Film
Figure 11 . Préplanned Post Flight Preparation

of 70mm and l6émm Plight Films
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ABBREVIATIONS

The follow1ng abbreviations are in general ase in the Photographic
Technology Division, although all of them may not be used in this

‘Report.

AET
AH
AHU
ANST
ASA
ASPO
BW
CEX
CIN
CM

—
—

CRT
CSM-
D=log E
oF

oK
Dmax
Dmin

ergs/cm®
Eva

fpm
T
HBW
HCEX
IR
KBr

NASA
NBS

+ .

aerial exposure index

antihalation

antihalation undercoatlng

American National Standards’ Instltute, Inc.

" American Standards Association
"Apollo Systems Program Office

black and white film
¢olor exterior film

‘eoler interior film

Command Module
congruent to (is)
cathode-ray tube

. Command Service Module

relation of density to logarlthm of exposure
degrees Fahrenheit : .
degrees Kelvin

maximum density

minimam density

radiometric unit of energy

extravehicular activity

feet per minute

. gamma

high speed -black and white film
high speed color exterior film
infrared

. potassium bromide

Kennedy Space Center

lines per millimeter .

Lunar Module

logarithm of exposure

Lunar Receiving Laboratory
meter-candle-seconds

1/100 ineh

millimeter _ '

medium speed black and white film
microén

Motion Plcture Laboratory

Manned Spacecraft Center
modulation transfer function o
National Aeronautics and Space Admlnlstratlon‘
National Bureau of Standards :

W7
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Qe

ND
pH
PSO

PID

SCW
SG
SIM Bay

neutral density

nanometer

Naval Research Laboratorles

the negative logarithm of the hydrogen ion
concentration expressed in moles per liter
Precision Processing Laboratory

- Photo Science Office

Photographic Technology Division

Kodsk code designation for fast-drying backlng
Quality Control

relative humidity

root-mean-square

spacecraft window

. specific gravity

Scientific Instrument Module. Area in Command
Service Module containing the Panoramlc, Stellar
and Metric cameras, .

Still Laboratory

golution tanks

transearth injection
‘total reducing power

United States of America Standards Instltute
ultraviolet
very high speed black and white film

48





